On the basis of literature data the constancy of heat capacity change during vaporization ( ± 2 %) and sublimation (± 8 %) has been determined at 298 K for different organic compounds. The obtained equations allow to recalculate the enthalpy according to Kirchhoff's law easier compared with present techniques based on the increments method. The vaporization and sublimation enthalpies of 5-(2-nitrophenyl)-furan-2-carbaldehyde have been determined and recalculated for 298 K for the reliability proofing of the suggested method.
Introduction
Arylfurfurol derivatives are biologically active compounds. That is why they are used as the initial compounds during drugs synthesis [1] . The determination of their thermodynamic properties, namely sublimation and vaporization enthalpies, allows to solve some practical questions, optimize their purification and application, and extend the theoretical knowledge about their nature. Phase transfer enthalpies are determined by the experiments within the temperature range essentially differed from 298 K -the temperature at which they are represented in the reference books. Thus, the melting enthalpy is measured at the melting temperatures and the vaporization enthalpy is determined according to the temperature dependence of the saturated vapor pressure. The temperature ranges favorable for the investigations are various for different compounds and depend on their volatility. To recalculate these values for the standard ones it is necessary to know the heat capacity of the investigated compound under standard conditions. The experimental measuring of heat capacity is very laborious and complicated method. Therefore the existing information about organic compounds heat capacity is very limited. Due to the same reason there are many attempts to solve the existing problem via empirical way, starting from the simplest one -calculation of the heat capacity relative to the atoms in the molecule and finishing by the modern method -relative to the increments [2, 3] . Such increments allow to calculate the heat capacity of some organic compounds in solid, liquid and gaseous states with the error of 7-10 %. Two suggested equations [3] allow to calculate the heat capacity change during vaporization (Eq. (1)) and sublimation (Eq. (2)) of the organic compounds: The same characteristic during melting may be determined according to the difference between Eq. (2) and Eq. (1) . In all cases the constants are determined relative to the increments typical of the examined molecule [3] . The given method has a series of shortcomings: the increment values are generalized and some of them are absent. These factors complicate the calculations, especially for the complex molecules.
The aim of this work is the search of more available method to calculate the above-mentioned values without using increments which are unknown for the majority of organic compounds. For this purpose we analyzed literature data containing information about heat capacity change during vaporization of different organic compounds at 298 K. To check the adequacy of obtained regularities and compliance with the existing methods we show the experimental results concerning the temperature dependence of saturated vapor pressure of 5-(2-nitrophenyl)-furan-2-carbaldehyde obtained via effusive method and recalculate the obtained values of enthalpies from the average temperatures to 298 K.
Experimental

Analysis of Heat Capacity Change at Phase Transitions
For the statistical calculations we used molar heat capacities of different organic compounds (aliphatic, alicyclic and aromatic hydrocarbons; alcohols; ketones; aldehydes; acids; nitrogen-, fluorine-and chlorinecontaining compounds) in solid, liquid and gaseous aggregative states. These values were determined by different authors and published in the literature. Tables 1  and 2 represent the values of molar and specific heat capacity, as well as heat capacity change during vaporization (Table 1 ) and sublimation ( Table 2 ). The standard deviation of the average value is calculated using the Student's coefficient (t-criterion) for the significance level of 0.95 [4] .
The reason under which we analyzed the specific values of this thermodynamic characteristic instead of usual molar heat capacity is the following. Intermolecular forces are determinative in the processes of aggregative transformations and they are provided by all atoms in the molecule. Therefore their quantity in the mass (volume) unit is more important factor than the amount of molecules formed by them. Thus, at 298 K vaporization enthalpy of decane 1 mole is close to the enthalpy of pentane 2 moles. Actually, in the homologous series of normal alkanes (C 5 -C 17 ) the specific vaporization enthalpies (∆ vap H 298 ) are almost the same (362 ± 2 J/g). The same situation but with other value (324 ± 6 J/g) is observed for branched 2,2-dimethylalkanes and 3,3,5,5-tetramethylalkanes. The similar examples may be continued. It is logically to assume that the heat capacity change which is the first derivative of enthalpy change will preserve such property. Thus, the standard value of heat capacity in the liquid state for methanol is 81.1 J/mol•K; for hexanol -243.2 J/mol•K; the specific values of heat capacity are 2.53 and 2.38 J/g•K, respectively.
Table 1
Change of standard heat capacity during organic compounds vaporization at 298 K Table 2 Change of standard heat capacity during organic compounds vaporization at 298 K Temperature dependence of the saturated vapor pressure, as well as sublimation and vaporization enthalpies were determined via Knudsen integral effusion method. The experimental plant and its reliability test are described in Ref. [78] . The weight of effunded compound (∆m ef ) was determined by weightening of the effusion chamber with the accuracy of ± 5•10 -5 g. The accuracy of temperature (T) and effusion time (τ) measurements was ± 0.1 K and ± 10 s, respectively. The hole diameter in membrane and its thickness were 0.591 and 0.050 m, respectively. The results of effusion measurements including the saturated vapor pressure (p), linear equation of temperature dependence of the saturated vapor pressure within the coordinates of the Clausius-Clapeyron equation and heat of the corresponding phase transitions are represented in Table 3 .
Results and Discussion
While analyzing the standard heat capacities of the compounds in solid, liquid and gaseous states (Tables 1  and 2 ) we used the general procedure of statistical selection. At first we declined 12 compounds from 81 ones for the vaporization process (Table 2 ) and 4 compounds from 29 ones for the sublimation process (Table 3) because their characteristics differ from the average values by more than ± 2σ. At the second stage we analyzed the possible existence of the heat capacity change dependence during vaporization of different organic compounds. Alcohols and nitrocompounds have the value that is higher than the average one C p(g) -C p(l) = = 0.78 J/g•K; aromatic, fluorine-and chlorine-derived compounds have a lower value (0.49 J/g•K). It should be also noted that the number of analyzed compounds sometimes was miserable: e.g. for alcohols -3; for nitrocompounds -2; for fluorine-derived -5 and for chlorine-derived -2. The analysis using t-criterion confirms that these samples are statistically indistinguishable and may be treated as one generalized sample with average values and dispersions given below in Eqs. (3) and (4).
The results of statistical analysis show the consistency of heat capacity change during vaporization and sublimation at 298 K (Tables 1 and 2 ), according to which the molar heat capacity change may be determined according to the following equations: 
To check the suggested equations we recalculated the experimental values of sublimation and vaporization enthalpies obtained within p-T range for 298 K using the Kirchhoff's equation and then compared them. 298 298
T Tp
HHCdT ∆=∆−∆ ∫ where ∆H T -enthalpy of phase transition determined at the average temperature of investigated p-T interval; ∆C p -heat capacity change at phase transition For the comparison we used sublimation and vaporization enthalpies determined by the calorimetric method using reference substances at 298 K (Table 4) and vaporization enthalpies obtained by p-T measurements and recalculated using the Kirchhoff's equation and known values of heat capacity in condensed and gaseous states at 298 K.
Vaporization enthalpies of nonane, decane, decanol-1 and 1,4-dimethylbenzene, as well as sublimation enthalpies of benzoic acid and bicycle[2,2,2]octane were obtained by the calorimetric method at 298 K. It is impossible to determine the sublimation enthalpies of nonane, decane, and decanol-1 at 298 K because their melting temperatures are lower than the mentioned one. The given values were calculated using sublimation values obtained by the experiments and recalculated to the standard values using heat capacities of the compounds in solid and gaseous states. While comparing the experimental values calculated in accordance with known Eqs. (1) and (2) and suggested ones (3) and (4) we observe the similarity of the obtained results; the difference is within experimental and calculation errors. Table 4 also represents the comparison of enthalpies of the investigated aldehyde recalculated by different methods.
Taking into account all mentioned above, one can see that the known complicated calculation methods have no essential advantages compared with the simpler method suggested by us.
Conclusions
The recalculation of vaporization and sublimation enthalpies for 298 K using the suggested simple equations allows to obtain the results with the error of 2-8 %. It is tantamount to the application of existed additive methods based on increments principle. Vaporization and sublimation enthalpies of 5-(2-nitrophenyl)-furan-2-carbaldehyde were experimentally determined within the temperature range when the compound is in solid and liquid aggregative states. The adequacy of proposed method with the existing calculations is confirmed. The suggested Eqs. (3) and (4) have only empirical character. Therefore their application while extrapolation calculations for the compounds with the molecular weight over 250 g/mol and phase transition temperature over 550 K is limited.
